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(54) Platelet aggregation inhibitor for use in polymeric surgical devices 

(57) A polymeric surgical device such as a suture, ligating clip, catheter or artificial artery, has a platelet aggregation 
inhibitor, such as 5-(6-carboxYhexyl-1-(3-cyclohexyl-3-hydroxypropyl) hydantoin, associated therewith. The inhibitor 
may be coated onto the device or incorporated into the polymer. 
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SPECIFICATION 

Improvements in polymeric surgical devices 
5 The present invention relates to improvements in polymeric surgical devices for use in blood vessels in the 5 
body, such as sutures, ligating clips, catheters, and internal prostheses „ rua5ril , arsura erv for 

Su ures and ligating clips are widely used in surgical procedures such as ca rd.ac : o vascular su 9^°' 
instance to close off or connect together blood vessels orto connect internal prosthetic devices such as 
artificial arteries into an existing artery in place of an excised segment thereof. 
10 Catheters are also often placed in blood vessels, for instance for mon.tonng blood pressure or 10 
composition or for extracting blood for analysis or renal dialysis. (oarnM ... . 

However the use of such devices in blood vessels may lead to the formation of blood clots around the 
device F instance it has been shown that in artificial arteries in the form of heat crimped, seam.es. . woven 
tubes ol = DACRON or TEFLON there is a tendency for blood clotting to take place on the internal surface of the 
►.■Ko^thoreninnnfthesuturesifthetube'sinternaldiameterislessthanaboutymm. 15 
1 5 According % Z pTelen^ZeLn a polymeric surgical device is provided having associated therew.th a 

P ^^«::^^e prostaglandin analogue 5 ,6-carboxyhexy.>-1- ( 3-cyc,ohexy.-3- 

20 h 1ZZ$%$£^W be made from a natural or artificial polymer which may be absorbable or 

n °SuS^ ^absorbable polymers are polypropylene, polyethylene, nylon or, for sutures, silk. Suitable 
absorbable polymers are polyglycotide, polylactide or polyd.oxanone. 

The PAI may be associated with the polymeric device by, for instance, 
2 5 (i) coating the device with a size containing the PAI, 

(ii) chemically combining the PAI with the polymer, or 

(Hi) incorporating the PAI in the device during manufacture of the device. 

n method ( ) the PAI may simply be dissolved or mechanically dispersed in a size polymer so ut,on. The 
H jS.^.HMta the deUce as a size. The size polymer may be, for instance, a styrene/maleic 
30 anhydride copolymer. In use. the PAI will diffuse out of the size polymer coating or matnx and so confer 

^tfo^ 

matrix and in some cases it may be undesirably high. In this event, the platelet aggregation inhibiting 
properties vJll be lost too rapidly. Thus it may be necessary to attach the PAI to the s.ze polymer cha r by 
35 SS bonds. Such a platelet aggregation inhibiting polymer (PAIP may be as a componen of the 
size for coating the device as described above. The reduced rate of diffusion of the PAI bonded to the bulky 
e po.5me chain would ensure a longer period of platelet aggregation inhibiting activity of the ^ce- 
n mTod (ii), chemical attachment of the PAI to the polymer of the device re P resente J h . e tn e ^ e ^ 0 d d egree 
of immobilisation of the PAI. This method ensures that the surface of the dev.ce presented to the blood 
An stream is covered to a significant extent by bound PAI molecules. 

40 The PAI may be attached to the polymer either "permanently", that is by chem.cal bonds which are not 
broken bvlhe ac'ion of enzymes or other factors in blood, or "releasably". that .s by chem.cal bonds which 
c °n b broken by the actionTof the enzymes or other factors in bloody In the first case, the p ^« «°W£° n 
inhibiting activity is essentially a surface effect. In the second case there is a release of PAI rom the surface 

45 and mo?e slowly, f rom the underlying layers of the device. The re.ease of the PA. substantially inhibits 45 
thrombusformation on and in the neighbourhood of the device. .... , nr 

n memod (Hi) the PAI may be mechanically incorporated into the device either as itself or as a PAIP For 
instate a po ymer solution containing the PAI or a PAIP may be spun to produce a suture fibre or cast to 
produce a ligaJing clip or catheter. Preferably such spinning or casting is carried out at a temperature not 

en siqnificantlyhigherthan ambient temperature. ■„„,«,, 

50 A device according to the invention can only be produced by spinning or moulding a P°<Y™ r 

containing the PAI or a PAIP if the PAI is thermally stable. However melt spinning or melt moulding may be 
used o form a device without any PAI therein. The PAI may then be incorporated in the device by ■mrners.ng 
it n a so °Zn a swelling agent and the PAI. This procedure is particularly suitable for produc.ng 

55 nylon or polypropylene sutures and can be carried out before the final stretchmg process m suture fibre 55 

m The deSns of the processes used in methods (i) and (ii) to chemically bond the PAI to the polymer or size 
polymer deady depend on the chemical structures of the PAI and the polymer of which the dev.ce or he s ze 
fs wm o» appropriate functional groups are present on the polymer and if complementary functional 
fin groups ; which can'be used without impairing its activity are present on the PAI, any conventional linking type 
of reaction such as esterification, etherification or amide formation can be used. 

Alternativeiv a polymerisable double bond may be introduced into the PAI molecule. The modified PAI 
j r;S! copTymerised with a vinyl monomer to produce a PAIP. The modified PAI molecule or the 
PAI m v b grafted into the polymer from which the device is made, or the PAIP may be used ,n method (,) 
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hydroxypropyl) hydantoin may be esterified with a vinyl monomer such as N-vinylpyrrolidone or, preferably, 
2-hydroxyethylmethacrvlate. 

One particular method for grafting such a modified PAI onto a polymer embodying amide (or peptide) or 
urethane groups (for instance nylon, protein or polyurethane polymers) involves subjecting the polymer to a 
mild halogenation procedure, for instance using sodium hypochlorite or hypobromite. This treatment 5 
converts some of the-NHCO- or-NHCOO- groups into-NXCO- or-NXCOO- groups (wherein X is chlorine 

° r The resulting halogenated polymer is dissolved in a vinyl polymer (M) and reacted with a free radical 
producing agent to produce free radicals-NCO-or-NCOO-orthe polymer. The free radical producing 
agent may be, for instance, a transition metal carbonyl such as Mo(CO) e , which is reacted thermally at about 10 
60'C to form the free radicals, or Mn 2 (CO) 10 , which is reacted photochemically at a wavelength of 436nm to 

form the free radicals. . 

Polymerisation of the free-radical containing polymer with the monomer M yields a graft copolymer 

containing structures such as 
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If the vinyl monomer M contains a proportion of modified PAI molecules, the grafted M n chains will 
include units having the PAI molecule attached thereto. 

It is envisaged that the present invention will.be of particular, but not exclusive, application to surgical 
sutures for suturing blood vessels in cardiac and vascular surgery to substantially inhibit spontaneous 

25 thrombus formation. . 

It is also envisaged that any polymeric surgical device, in particular those for use in or adjacent blood 
vessels can be provided with PAI according to the present invention. For instance, it is believed that the 
present invention is applicable to ligating clips, catheters and artificial arteries, as long as they are made of 

polymeric material. , __ 

30 One embodiment of a device according to the invention is now described by way of example only. 30 
Two catheters of 2mm bore were prepared and placed in the main vein of a dog. The first was a 
polystyrene coated catheter; the second was coated with polystyrene in which 5-(6-carboxyhexylH-{3- 
cyclohexyl-3-hydroxypropyi) hydantoin had been dispersed. Both catheters remained inflowing blood for 
four hours and then each was withdrawn. The untreated catheter was found to be covered m thrombus 
35 material whereas that which was coated with the platelet aggregation inhibitor was not. 
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CLAIMS 

1 A polymeric surgical device having associated therewith a platelet aggregation inhibitor 
2. The device of Claim 1 wherein the platelet aggregation inhibitor is 5-(6-carboxYhexyl)-1-(3-cyclohexyl- 

3-hydroxypropyl) hydantoin. 

3 The device of Claim 1 or Claim 2, which is made from a non-absorbable polymer. 

4. The device of Claim 3, wherein the nonabsorbable polymer is polypropylene, polyethylene, nylon or 
silk. 

5 The device of Claim 1 or Claim 2, which is made from an absorbable polymer. 

5. The device of Claim 5, wherein the absorbable polymer is polylactide, polyglycolide or polydioxanone. 

7 The device of any one of Claims 1 to 6 in the form of a suture. 

8 The device of any one of Claims 1 to 6 in the form of a ligating clip, catheter or artificial artery. 
9. A method of producing a device according to any one of Claims 1 to 8, comprising coating the device 

50 with a size containing the platelet aggregation inhibitor. 

1 0 The method of Claim 9, wherein the size contains a size polymer. 

11. The metho'd of Claim 1 0, wherein the platelet aggregation inhibitor is chemically bonded to the size 

polymer. . . ... 

1 2 A method of producing a device according to any one of Claims 1 to 8, comprising chem.cally 
combining the platelet aggregation inhibitor with the polymer of which the device .s composed. 

13. A method of producing a device according to any one of Claims 1 to 8, comprising incorporating the 
platelet aggregation inhibitor in the polymer of which the device is composed. 

14. The method of Claim 13, wherein the device is spun or cast from a solution containing the platelet 

aqqreqation inhibitor. .... cn, 

60 15. The method of Claim 14, wherein the solution contains a polymer to which the platelet aggregation 60 

inhibitor is chemically bonded. 

1 6. The method of Claim 1 3, wherein the device is immersed m a solution contam.ng a swelling agent 
and the platelet aggregation inhibitor. . 

1 7 Th- method of any one of Claims 1 1, 1 2 and 15, wherein the platelet aggregation inhibitor is 
65 chemically bonded to the polymer by esterification, etherification or amide formation. 
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18. The method of any one of Claims 1 1 , 1 2 and 1 5, wherein the polymer contains amide or urethane 
groups, the platelet aggregation inhibitor is attached to a monomer containing a polymerisable double 
bond, a free radical is produced on a plurality of the amide or urethane groups, and the inhibitor containing 
monomer, optionally in admixture with unmodified monomer, is free-radical graft polymerised onto the 
5 polymer. 
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